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Sir: 



Revised Declaration of Inventors Pursuant to 37 C..F.R § 11 31 



We, Daniel Yellin and Kofoby Pick, hereby declare that: 



1 . We are both citizens of Israel which, as we were informed by our patent 
counsel, is a WTO member country. At the time of conceiving and reducing to 
practice the above identified invention, we were residing in Israel. 

2. We are the named inventors of the subject matter of the above-captioned 
application, as originally declared in the combined declaration and power of attorney. 



3, We were both employed by Intel Corporation of Santa Clara, California, the 
original assignee, during the time the invention was conceived and the patent 
application was filed. 



4, To the best of our recollection, and as refreshed by attached Exhibit A and 
Exhibit By the subject invention was conceived on or prior to March 1 1 , 2003, 



Attorney Docket No, MP1 493-1 5 1 668 Declaration 
under 37 CFJi § I AM 

Exhibit A is a copy of an e-mail dated March 1 1, 2003, which we sent to our 
supervisor in Intel to which we attached an "Intel Invention Disclosure Form/' which 
is dated January 1 , 2003. Exhibit B is a copy of the Intel invention Disclosure Form 
that was attached to Exhibit A. 

6. As may be seen in Exhibit A, we requested our supervisor, Doron Rainish, to 
approve and forward our patent disclosure. To the best of our recollection , our 
patent disclosure was indeed approved by Mr, Rainish and forwarded to Intel's 
patent committee as requested, and it was ultimately approved by Inters patent 
committee for filing as a patent application. 

7. We additionally declare that we worked diligently with our colleagues in Intel 
and with our outside patent counsel during the period between March 11 , 2003, 
when we sent our e-mail that is shown in Exhibit A, and the filing date of the above- 
captioned application on December 15, 2003, to constructively reduce our invention 
to practice. 
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Attorney Docket No. MPI493-1 5 1 668 Dedaration 
under 37 C1\R. § 1,13 1 

We further declare- thai all statements made herein of our own 
knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity 
of the above-identif ied patent application or any patent issued thereon. 

Executed fay and on the date(s) as set forth below; 

By: -■- 7 . . . Date: jjt£ l^JL, '* 

Daniel Yellin 



By: VS^j/--'\ f .j- v Date: 
Kobby PiGk 
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Importance: 
Attachments: 



YELLiN, DANIEL 
Tuesday, March 11, 2003 10:56 AM 
Ralnish, Doron 
Pick, Kobby 
FW: Patent Disclosure 
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WsSurl ZIP Mem ° d t0 DeSiSn ° mal Pre " FNter f ° r SD Fractiona, " N Modulator - 



Doron this Is the frac-n patent disclosure see below they want you to forward it 
So please approve and follow their guidelines. Thanks, Danny 



Apparatus and 
Method to Design... 



— Original Message 

From: Boulden, Janice 

Sent: Tuesday, March II, 2003 12:03 AM 

To; Pick, Kobby 

Cc: YELLIN, DANIEL 

Subject: RE: Patent Disclosure 



You will need to send this disclosure through your manager for approval. 

JB 

Original Message — 

From: Pick, Kobby 
Sent: Monday, March 10, 2003 6:21 AM 
To: Invention Disclosure Submission 

Cc: YELLiN, DANIEL; Pick. Kobby 

Subject: Patent Disclosure 

Hi 



1 



EM* & 



DATE; I January. ?.0m 



INTEL INVENTION DISCLOSURE 

ATTORNEY-CLIENT PRIVILEGED COMMUNICATION 



It is important to provide accurate and detailed information on this form. The information will be used to evaluate vn,,r 

ZZ 147 -V ^ 8 P , atent aPP,iCati ° a - WhCn COmpleted and ^ ^ return ^r£m t r t e L S 
ULpartment at JF3-147. If you have uny questions, please call 264-0444. 

L 

Inventor: Yell in _Daniel 



Last Name First Name 
Phone 972-3-9207 1 R7 ^ 



Fax# 972-3-9207500 



CUiZCnShip:J ^ WWID: I07&741S Contract YES NO X 

Inventor E-Mail Address: DanieLYeliin@mtel.com 

Home Address: 71 Herzcl Sired ~ ' ' 



Country _Israel 



City R^an^na Statc ^ 

♦Corporate Level Group (e.g. iABG,NCG, CEG) WfXG Division PCG " ~" Subdivision 

SupCrViSOt * ^ rQnRain ^ ™- Phone 972-3-92077^ WS : 

Inventor: Pick _Kobbv 

Last Name First Name 

Phone 972-3-9207391 _ M/S; _ FajE # 912 _, mq 

Citizenship; Ismejj WWID: _ 1 0787290 Contractor YES N0 _£_ 

Inventor E-Mail AUthess; Kobbv.PLck@intel.com ^ 

Home Address: 43/2 Erne* Had a Street 



CityJVgo g jin „ , S(alc Zip J1700_ 



Country Israel 



-Corpora Level Group (e.g. 1ABG, NCG, CEG) W C CG Division PCG Subdivision 
SUpCrViS ° r * Danie ' Ye " i " WWI D _ I 0787 ± I8 Pho, C 972-3-9207^7 M/ 3; 



♦If you are unsure of this information, please discuss with your manager. 
(PROVIDE SAME INFORMATION AS ABOVE FOR EACH ADDITIONAL INVENTOR) 

2. Title of Invention: Apparatus^ MelhnQ 10 Design Dipi.nl Pre-FiliEr fcLSigmajMa &3flMj MxMmi 

3. What lechnology/producl/process (code name) does it relate to (be specific if you can); 



4 ' Y %£Z^^X!^ M ™ ™ ° nhC - ^ * ' * above: P^^MKir^,^^^, 



5. Stage of development (U. % complete, simulations done, test chips if any, 70% comt^ 



6. (a) Has a description of your invention been, or will ii shortly be, published outside Intel; 

N0: * YES: — lf Y3SS > wa * ™ e manuscript submitted for pre-publication approval? 



IDENTIFY THE PUBLICATION AND THE DATE PUBLISHED; 



(b) Has your invention been used/sold or planned to be used/sold by Intel or others? 

N0; — YES:JS DATE WAS OR WILL BE SOLD: rn ^Poinj Mm k, Ahw^ ^h„.,,^ 



(0) Does < h ™wion relate to technology that is or will be covered by a SIG (special interest groupVstandard/ 

NO: % YES - Name of SIG/5tandar<J/Specificalion: 

W) ^mte n s C h^u! E l , " b0diWl " " 5emiCOndUCt ° r devi «' ac[ual or anlici P^ date of tapeout? Acceding to 3-Pnin,. Mi,.^ » 



(e) If the invention is software, actual or anticipated date or any beta tests outside Intel 

Was the invention conceived or construed in collaboration with anyone other than an Intel blue badge employee 

Z conso Ua" EnCe N0 a p J ojec, £ v _ oMn « ^ ° ih " •■«• government, other companies, universities 
tir consorua . YES; Name of individual or entity: 



Sn^to™T>° n ^ 2I l ° tnYenti °" disdosurc 0,31 * ou have rerentl y submitted? If so, please give the title and 
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Patent 6 ^ *f™ °"™ 1 °l?.° Utl : S l ate CirCui,S ' Vo1 ' 37 ' pp 1 «28-103« August 2002. otraignuorwaM 
Synthesizer". 



[S2] Patent 6,008,703: MJH. Knott, "Digital Compensation for Wideband Modulation of Phase-Locked-Loop Frequency 



Background 

Fractional N sigma-delu modulation is gaining significant interest in the cellular industry as this is a very cost-effective architecture 
Lchtr S n H-f f " ^ ° f ^ l^ri utated ^ [n fact > ail GSM/GPRS/EDGE chipsets that we investigated SSS 
( „ £ Vend ° re)! ThC k6y ld6a iS t0 emp! ° y to separate the signal into its instantaneous 

Sl^n^ ^ ^ qUen ? y f m P°" entS < rather *«» to ^al I & Q components), and modulate these component 
ind pendency. While the amphtude path uses some sort of plain AM modulation technique, the phase path use, the PLL as dTphase 

AS T laiDed L" [S ' ; [S l 3 ' &e ^ diff ' CU!,y With ^ 3 PP raach iS ** PU - ba ^* ™« be quS. to a low 
™21n ^1 i^' Smalter * an . th * ^ bandwidth ° f «* T * instantaneous phase/frequency. Therefore, theSlu Uon 

prapoKd in [S2] « to use a pre-emphasis filter that will emphasize those frequency components that would be attenuated by the PLL 
This pre-emphasis filter turns out to be a key aspect in the design of this T* path, yet the proposal in [S2 - e.g. Column 10 lines 6-211 

' 8D Pre ' emphasis better * and » ad J u * 'l adaptively. 0ur approach provides the following 

. Implementation complexity - inverse filtering yields a high-order UR which suffers from stability problems - whereas with our 

^ a bts,r^?sr which is ^ subie! " d ° ften can ^ ° perated at much ,ower samp]ing and wi,h 

. Calibration mechanisms - conventional practice requires calibration mechanisms in orxier to very accurately calibrate the PLL to 
^pi P a T nr. n, P ?™ ph f * niters ; wh ^ rcas with Qar "W«»cli il i£ Po«iblB to avoid these calibration mechanisms and adjust the 
S^fti 6 ^ .f^ i and not ™ s is ^possible to achieve with the conventional practice 

Se fufeSj 8Uaramee SU Y ^ 118 Pre " fUter (wi!hOUl Calibla,i °"' Some PLL ' S wi " simp 'y no < B«««te stable 

. FIR pre-filteriiig lends itself naturally into an adaptive mechanism that can be used to track voltage/tempretaure/aging etc 
variations of the PLL, and again simplify and improve the design. "paging, etc, 

• Rather than just invert the PLL's transfer function, with our approach it is possible to take the PLL impairments (e.g phase noisesl 
into account and design the pre-fiher (we may choose to design either an HR or an HR) under v^ioS «tor?S 
spectral cleanliness at the output) - thus with our approach it is possible to better tolerate the different PLL impairments. 



General Description 

A general block diagram of the system is presented in Figure ] : 
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Figure 1; Fractional^ SD Modulator Block Diagram 
iLSXtmtS^ a >h UC ' ti0n , iS , ab ° m ^ Pre " fi,ter " C ' In orto to * e instantaneous signal (w) be 

L D^tn^ 1 — l ° - — - — * - y in Figure 1. 

2 ' ?h3hn«r fr mter SUCh 1,16 ° Ve ? 11 rCSp0n5e 60111 w to y wiU be flat in * e d ^ frequency range, and low pass In nature 

The conventional practice is simply to choose 

C(w)=H(w)- 1 

SS^^K^to 8 !^^^ P 0 '^ 08 t0 C(W) 10 its -» *Ove a certain 

hSEK,2Si2Si!S'«!!r mverse lenne ,s quile prcb!ematic ' as H(w) is ^ *™- bsnd - hence i[s 

Batch foff-line) prqeessing 

Our proposal for off-line processing composes of the following sleps. 

1. Build a linear model for the PLL (e.g. according to [SI)). 

2. Add the various impairments, e.g. phase noises, of the different PLL components (Optional step). 

3. Dec.de on a topology for C(e.g. an FIR of order p, an IIR of orders (p./ etc). P 

4. Calculate C(w) to minimize a pre-defined cost-function so that the overall cost is minimized, I.e. 

C(w) = ArgMin clw) {Cost(W,Y)) 
In one embodiment, the cost could be the mean square error (MSE), i.e. 

Cost(W,Y) = E{\W(t)-Y«)\ 2 ) 
ZponS™ freqUe " Cy d ° main (C - £ - l ° m ° re W6ieht 10 fr ^ Uenci « ^ cleanliness is more 



Cost(W, Y) = E{ ]p(w) \W(w)~ Y(W) \ l dw) 
where P{w) is a user-defined, positive, weight function. 

It should be noted that these particular costs can be easily minimized using equalization theory, as is detailed in the Aooendix In other 
embodiments, other cost functions may be utilized e.g. those that measure spectral cleanliness of the ov£ HT wSfJilS 
te pMcutar MSE cost functions, Step 2 above is redundant when all impairment, cat, be represented as X velise terns as 
different chotces of C(w) wtll not affect that total contribution of tee additive impairments to the MSE or weighted MSE cost 

If the pre-filter is chosen to be an FIR, then it avoids all stability problems (that are encountered with an ItR implementation) that often 
also influence the fixed-point arithmetic involved (i.e. FIR often requires fewer bits) implementation) that often 

^'* e ,* e ?. m easi| y ^-calculate the FIR per any vah* of the PLL parameters (and its stability is guaranteed), it mav avoid the 



Adaptiv e (online) processing 

fu2r ZZ™™* aPP t r0aCh f *"? * f °" 0Wed herC ' **» a " re 1 uire some 50rt ° f f^nt the VCO input output (or 

22TvT«h T } 1 d wl me ' OOP - TIlen> a Varie ^ 0f raethods simUar to ^ve equaiization techXL cou d be 

employed. Below is one preferred embodiment. As can be seen, the VCO input and the q coula De 
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Figure 2: Adaptive Pre-Filtering approach - one embodiment 



tLlZ rT * mP ° V*:™^ fiiter is C ™P*^ to the VCO input {after digitization), and accordingly the pre-filter is 

itTt! ' ^ "T™* ^ CtC ° f ^ ^ P° rti0n of ^ PLL wou,d the pre-fi Iter values to £ It n 
value tha mmimizes the pre-specitled adaptive mechanism cost function (again an MSE cost could be Te op»U^ 

aSi^ C ° mplCX "** m — & - -y vacations ^SS^T^Z 



Appendix 



Linear Model for the System 

T nlTSt^o^ aPPrDXimati0n t0 the SyStem in * e phase domam ' Thc *y* { ™ ^ Iude elements that are non-linear: 

2, Frequency divider. 

* I*? dele f Ct ° r C ° UhJ ^ ■PP ro " I, « lted for smal1 P hase d^rences (when the loop is "locked"), simply by the phase difference 
between the reference signal and the divider output. P 

• Thc frequency div icier linear model could be derived using thc following steps: 

o The division x(t)/N(t) could be broken by the Taylor serious approximation into- 

- X(t)/(Mnomlnal+dN{t))=-x{t)/Nnominal(1-dN(t» which replaces division by multiplication 
o Further approximation could be made to achieve full linearization. 

The result full linear model of Figure 1 is presented in the following figure: 
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The transfer function from x to y is: 
Y(s) _ (K v /N)-H(s)/s 
X(s) l + {K v IN)-H(s)/s 

Equation I 
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Figure 3: Linearized PLL Block Diagram 



Pre-Filter Design 

In order that no significant frequency and phase distortion will occur, the overall transfer function from w to y should be of 0 dB gain 
up to frequency f 0t and linear phase in that range. In order for the above condition lo happen, we need that transfer function from w to 
a up to \q to be: 

jqs)_ l+(K v /N).H(s)/ S 
Equation 2 

If we implement is in a straightforward manner as the inverse fIR to Y(s)/X(s), we wilt run into thc following problems- 

• The inverse IIR forces adding zeros and poles in order to stabilize the pre-filler. 

• The pre-mter frequency response at frequencies above f n should have low pass nature, and should decline as rast as possible in 
order not to force the Sigma Delta lo be in saturation, and not to increase ihc quantization noise, as a result of thai, additional 
poles or filter that will attenuate the frequencies above f 0 . 



# Il^fSfSncton PrC " fUter MUld ^ * Parameter> but sh0Uld haVe a one to one relation 10 thE order of «<°sed loop 

• Another aspect of the problem is that we want to reduce the sampling rate of the pre-filter as much as possible from current 
consumption aspects. ™ 

As a result from the above reasons we applied a FIR MMSE Equalizer, that its fundamentals arc taken from the communication theory 
We will now denve the MMSE equalizer for the above problem. The system model is described is the following figure: 
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Figure 4; Equalizer Block Diagram 

Where: 

w- the input signal. 

wjiut - the restored input signal. 

h - is the impulse response of STF(z) 

5TF(z) = Y(z)/X{z) as the Bi-Linear transform of Y(s)/X(s) 

n_AWGN - is additive white Gaussian noise. 

g - is the shaping filter of the noise, 

c - the desired equalizer FIR filter. 

Our aim is to find a FIR filter C that will minimize the mean square error that is defined as: 
e = w(n) — w(n) 

Equation 3 

Where: 

w(n) = C H V 
V=H*W+N 
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r w(n-Mj 

w(n) 



i{2L+l)x(2-Af+])| 



N = 



J\(2-M + \)x\\ 



n(n-L) 

Equution 4 



Where: 

2xM+l - is assumed to be the impulse response of STF(z) length. 
2xL+ i - is assumed to be the equalizer length, 

N - is the AWGN noise after passing it through filter g. g is selected to be a high pass filter with cutoff above f„, so that the equali? 
response at high frequencies will be attenuated. 4 
We make the following assumptions: 

1 . From the no correlation between the error and the observations: E[e(n) ■ V " }= 0 H . 

2. E{w(n)-n(n+kY}=Oyk 



3. £{«<«)• wCK + ze/H^'* -0 
A. E\n(n)-n(n+k?}={ 



Q,k*0 
From assumption 1 it follows that: 
E{w(n)-V"}=E{w(n)-V"} 
Equation 5 

After substitution of Equation 4 into Equation 5 we get: 
E{w(ny V * }= C" ■ E$ V "}= C" ■ E{{H ■ V+N} {V ■ H " + 77" )}= 
= C« \e{h ■ V V " H"} + e{n-N»^ C" ■ \H H" -oZ+G-G" ■ o*\ 
crl = E{w(nf} 

Equation 6 

Where: 

G is defined in a similar manner to H with g. 

£{«<«)• v"}=<rl-[h(L) . h(0) . h(~L)] 

Equation 7 

From Equation 6 Equation 7 and Equation 5, and after applying the Hermit operator we get the MMSE solution to be; 
C =/C- ^ = [H ■ H" ■ at + G ■ G » ■ a\ f ■ 



h(L) 



h(-Ll 
Equations 

Note that it is also possible to calculate c empirically. 

One Possible Embodiment 

fZ^^^fT 1 f^V mt ^ ' ,SaS ^ SK ' GMSK m0du,at0r for "* standard. Figure 5 presents apolar modulation 
loop that employ Fractional-N S.gma Delta modulator at the phase path. The symbols generator generates the baseband Edge symbols 
The Amplitude Phase Sphtter splits the baseband symbols to amplitude and phase paths. The phase path symbols are differentiated to' 
produce t e frequency symbols. The frequency symbols are divided by the reference frequency to produce the desired division ratio of 
the instantaneous frequency. The instantaneous frequency division ratio is passed through the pre-filter. and then to the Sigma Delta 
converter The output of the sigma delta is added to the carrier division ratio and passed ad the division ratio serious to the PLL The 
Fractioria -N PLL modulates the phase to carrier frequency. The phase at ihe carrier frequency is fed into the PA (hat its gain is 
controlled by the output from the phase path, to produce the RF signal 
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Figure 5: Polar Modulator for Edge Block Diagram 

Components 

The invention includes the following components (relates to Figure L Figure 3 and Figure 4): 

• Linearized PLL model. 

• PLL closed loop transfer function. 
■ Noise shaping filter. 

• MMSE equalizer. 

Linearized PLL Model 

The linearized PLL model is described in detail in the section Linear Model for the System, and in Figure 3. In general it used to 
calculate the PLL closed loop transfer function that will enable calculating the desired pre-filter. 

PLL Closed Loop Transfer Function 

The PLL closed loop transfer function calculation is described in details in the section Linear Model for the System, and in Figure 3 In 
general ,t used to calculate the desired pre-filter that will cause the overall response of the instantaneous frequency to he flat in ihe 
desired range of frequencies. i / 

Noise Shaping Filter 

The noise shaping filter is described in detail in the section Pre-Filler Design and in Figure 4. [n general it used lo shape a high pass 

SS^i^Sr S ° ^ MMSU cqUQiiZer respnmc wm be nat for frequcncics btlow f °- and low P as * in ntt ' urc for 



MMSE Equalizer 
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Synthesized, 

Background 

Fractional N sigma-dclta modulation is gaining significant Interest in the cellular industry as this is. a very cost-effective architecture 
for the transmission path of digitally modulated signals. In fact, ail future GSM/GPRS/EDGE chipsets that we investigated employ this 
technology (3 different vendors)! The key idea is to employ polar modulation, i.e. to separate the signal into its instantaneous 
amplitude and phase/frequency components (rather than to the classical 1 & Q components), and modulate these components 
independently. While tha amplitude path uses some sort of plain AM modulation technique, the phase path uses the PLL as the phase 
modulator. As explained in [SI>[S2] , me key difficulty with this approach is that the PLL bandwidth must be quite small to allow 
reasonable operation, much smaller than the actual bandwidth of the Tx signal's instantaneous phase/frequency. Therefore, the solution 
proposed in [S2] is to use a pre-emphasls filter that will emphasize those frequency components that would be attenuated by the PLL. 
This pre-emphasis filter turns out to be a key aspect in the design of this Tx path, yet the proposal in [S2 - e.g. Column 10 lines 6-21] 
is to employ inverse filtering to the linearized response of the PLL. In this disclosure we address methods and apparatus to design this 
pre-emphasis better, and possibly to adjust it adaptively, Our approach provides the following advantages: 

• Implementation complexity ~ inverse filtering yields a high-order IIR which suffers from stability problems - whereas with our 
approach we are able to utilize an FIR which is always stable! and often can be operated at much lower sampling rates and with 
fewer bits (i.e. smaller word length) * 

• Calibration mechanisms - conventional practice requires calibration mechanisms in order to very accurately calibrate the PLL to 
the pre-defined pre-emphasis filters, whereas with our approach it is possible to avoid these calibration mechanisms and adjust the 
cygM pre-fllter to match the a nal og PLL (and not vise-versa). This is impossible to achieve with the conventional practice 
because of the need to guarantee stability of the IIR propter (without calibration* some PLL's will simply not generate stable 
inverse filters). 

• FIR pre-filtering lends itself naturally into an adaptive mechanism that can be used to track voltage/tempretaure/aging^etc, 
variations of the PLL, and again simplify and improve the design. 

• Rather than just invert the PIX's transfer function, with our approach it is possible to take the PLL impairments (e.g. phase noises) 
into account and design the pre-filter (we may choose to design either an FIR or an IIR) under various optimization criteria (e,g, 
spectra] cleanliness at the output) ~ thus with our approach it is possible to better tolerate the different PLL impairments. 



General Description 

A general block diagram of the system is presented in Figure 1 : 
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Figure 1: Fractional-N SD Modulator Block Diagram 

As explained above, this patent application is about designing the pre^lter "C\ In order that the instantaneous signal (w) be 
transferred to ttie VCO Input (y) with minimal distortion, tae overall response from w to y should be close to flat, In order to decide 
what js the optima] pre*filter to use, one often takes the following steps: 

1. Build a linear model for the PLL of Figure 1 (e.& according to [l]) 3 and calculate the transfer function from jt to y in Fijmre 1 
Denote this transfer function by H{w}/ 6 

2. Design a pre-ftlter such that the overall response from w to y will be flat in the desired frequency range, and low pass in nature 
above those frequency (the reasoa for the low-pass nature is for the purpose of attenuating the quantization noise generated by 
the Sigma-Deita block). J 

The conventional practice Is simply to choose 

which yields a complex IIR filter and often requires adding poles/zeros to C(w) to guarantee its low-pass nature above a certain 
frequency (there is no point to invert the PLL response in those region where there is no significant frequency component of the Tx 
signal) and/or to stabilize C(w) [S2], Note that this inverse filtering is quite problematic, as H(w) is very narrowband hence its 
mverse is a filter with extremely large gain. 

Batch foflf-ltne} processing 

Our proposal for off-line processing composes of the following steps, 

1. Build a linear model for the PLL (e.g. according to [SI]), 

2. Add the various impairments, e.g. phase noises, of the different PLL components (Optional step) 

3 . Decide on a topology for C (e,g, an FIR of order p, ah IIR of orders (p.q), etc), 

4. Calculate C(w) to minimize a pre-defmed cost-function so that the overall cost is minimized, i.e. 

C(w) = ArgMm C{w) {Cost(WJ)} 
In one embodiment, the cost could be the mean square error (MSE), i.e. 

CostQV, Y) = E{\ W{t)-Y{t) ?} 
impo^tf [U frCqUenCy d ° main (e ' £ ' t0 giV * m ° rC ™ igHt to th ° Se &ef * uencies wher * «P«tnI cleanliness is more 

to 

Cost(W,Y) = E{jp(w)\W.(\u)~Y(w)\ 2 dw} ... 

-to 

where P(w) is a user-defined, positive, weight function. - 
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It should be noted that these particular costs can be easily minimized using equalization theory, as is detailed in the Appendix, In other 
embodiments, other cost functions may be utilized e.g. those that measure spectral cleanliness of the overall Tx signal. We note that for 
the particular MSE cost functions, Step 2 above is redundant when all impairments can be represented as additive noise terms, as 
different choices of C(w) wilt not affect that total contribution of these additive impairments to the MSE or weighted MSE cost. 

If the pre^filter is chosen to be an FIR, then it avo ids all stability problems (that are encountered with an ITR implementation) that often 
also Influence the fixed-point arithmetic involved (i.e. FIR often requires fewer bits). 

Also, since we can easily re-calculate the FIR per any value of the PLL parameters (and its stability is guaranteed), it may avoid the 
need for calibration mechanisms, while with the I1R approach it is common that people ne&d to "hand-craft 11 , an II R to a specific setting 
[52] - hence the PLL should be calibrated to that specific setting. 



Adaptive fon-Mne^ processing 

There are numerous approaches that can be followed here, they all require some sort of feedback from the VCO input, output (or 
further away e,g. the antenna) to close the loop, TT:en, a variety of methods similar to adaptive equalization techniques could be 
employed. Below is one preferred embodiment. As can be seen, the VCO input and the 
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Figure 2: Adaptive Pre-Filtering approach - one embodiment 

As can be seen, the input to the pre-emphasis filter is compared to the VCO input (after digitization), and accordingly the pre-filter is 
adapted. Thus, any impairments, offeets, drifts, etc uf the analog portion of the PLL would drive the pre-filtcr values to that setting 
value that minimizes the pre-specified adaptive mechanism cost function (again an MSE cost could be one option). Hence potentially 
avoiding the need for complex analog measurement & calibration mechanisms, as any variations would be compensated for by the 
adaptive algorithm, ' 
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Appendix 



Linear Model for the System 

We will make the linear approximation to the system in the phase domain. The system include several elements that are non-linear: 
1. Phase detector, 
2> Frequency divider. 

• The phase detector could be approximated for small phase differences (when the loop is "locked")* simply by the phase difference 
between the reference signal and the divider output. 

• The frequency divider linear model could be derived using the following steps; 

o The division x(t}/N(t) could be broken by the Taylor serious approximation into: 

» X{ty(NnominaI+dN(t))--x(t)/Nnominal(1^N(t)) which replaces division by multiplication, 
o Further approximation could be made to achieve full linearization. 

The result full linear model of Figure I is presented in the following figure? 
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The transfer function from x to y is; 
Y(s)' = {K y IN)-H(s)is 

X{s) l + {K v iN)-H(s)ls 
Equation 1 
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Figure 3: Linearized PLL Clock Diagram 



Pre-Filter Design 

In order that no significant frequency and phase distortion will occur, the overall transfer function from w to y should be of 0 dB gain 
up to frequency and linear phase m that range. In order for the above condition to happen 4 we need that transfer function from w to 
x up to f 0 to be: 

X(s) _ l + {K y /N).H(s)/s 

W{s) {K v IN)-H{s)Is > s -J- 1 -"-J>f<f* 

Equation 2 

If we implement is in a straightforward manner as the inverse IIR to Y(s)/X(s), we will run into die following problems: 

• The inverse IIR forces adding zeros and poles in order to stabilize the pre-filter. 

• The pre~fi)ter frequency response at frequencies above f 0 should have low pass nature, and should decline as fast as possible in 
order not to force the Sigma Delta to be in saturation, and not to increase the quantization noise, as a result of that, additional 
poles or filter that will attenuate the frequencies above f 0 . 



"Rex, 

t The order of the pre-filter could not be a design parameter, but should have a one to one relation to the order of the closed loop 
transfer function. 

• Another aspect of the problem is that we want to reduce the sampling rate of the pre-rllter as much as possible from current 

consumption aspects. , 
As a result from the above reasons we applied a FIR MMSE equalizer, that its fundamentals are taken from the communication theory. 
We will now derive the MMSE equalizer for the above problem, The system mode! is described is the following figure: 
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Figure 4: Equalizer Block Diagram 

Where: 

w-the input signal. 

wjrot - the restored input signal. 

h - is the impulse response of STF(z) 

STF(z) - Y(z)/X(2) as the Bi-Linear transform of Y(s)/X(s) 

n_AWGN - is additive white Gaussian noise. 

g - is the shaping filter of the noise, 

c - the desired equaliser FIR filter. 

Our aim is to find a FIR filter C, that will minimize the mean square error that is defined as: 
e = w(ji) - w(n) 

Equation 3 
Where: 

w(n) = C H >V 
~h{M + L) . 



h(M) 



h(L) 



A(0) 



h(-M) 



W - 



h{M-L) . AC* -(2,-1)) , h(-M~L) 
n{n) 
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Equation 4 

Where: 

2xM+I - is assumed to be the impulse response of STP(z) length 
2xL+l - is assumed to be the equalizer length. 

N - is the AWGN noise after passing it through filter g. g is selected to be a high pass filter with cutoff above f 0 , so that the equalizer 
response at high frequencies will be attenuated. 
We make the following assumptions: 

I . From the no correlation between the error and the observations: s[a («) - V M } « 0* . 

1 / [0,ifc*0 

K J } 0,4*0 

From assumption I it follows that 

Equation 5 

After substitution of Equation 4 into Equation 5 we get 

B\w{n) ■ V" ) = C " ■ E{V • V" }= C H ■ e{{h -V + N\ (V h • H" + W )} = 

Equation 6 
Where: 

0 is defiae£ui a simitar manner to H with g. 
EtyW-V^vl-lhiL) . h(0) . h(~L)) 

Equation 7 

From Equation 6 Equation 7 and Equation 5> and after applying die Hcnnit operator we gel the MMSE solution 10 be: 



C - ■ K = [H ■ H H ■ <jI + G ■ G H - alY 



HO) 



M-L) 



Equation 8 

Note that it is also possible to calculate c empirically, 

One Possible Embodiment 

One possible embodiment of the invention is as 8PSK / GMSK modulator for the Edge standard. Figure 5 presents a polar modulation 
loop that employ Fractional-N Sigma Delta modulator at the phase path. The symbols generator generates the baseband Edge symbols. 
The Amplitude Phase Splitter, splits the baseband symbols to amplitude and phase paths. Hie phase path symbols are differentiated to 
produce the frequency symbols. The frequency symbols are divided by the reference frequency to produce the desired division ratio of 
the instantaneous frequency- The instantaneous frequency division ratio is passed through (he pre-filter> and then to the Sigma Delta 
converter, The output of the sigma delta is added to the carrier division ratio and passed ad the division ratio serious to the PLL, The 
Fractional^ PLL modulates the phase to carrier frequency. The phase at the carrier frequency is fed into the PA that its gain is 
controlled by the output from the phase path, to produce the RF signal. 
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Figure 5; Polar Modulator for Edge Block Diagram 
Components 

The invention includes the following components (relates to Figure 1 > Figure 3 and Figure 4): 

• Linearized PLL model 

• PLL closed loop transfer function. 
« Noise shaping filter, 

• MMSE equalizer. 

Linearized PLL Model 

The linearized PLL model Is described in detail in the section Linear ModBl for the System, 
calculate the PLL closed loop transfer function that will enable calculating the desired pre-filter. 

PLL Closed Loop Transfer Function 

The PLL closed loop transfer function calculation is described in details in the section Linear Model for the System, and m Figure 3. In 
general it used to calculate the desired pre-filtcr that will cause the overall response of the instantaneous frequency to be flat in the 
desired range of frequencies. 

Noise Shaping Filter 

The uoise shaping filter is described in detail in die section Pie-Filter Design and in Figure 4. In general it used to shape a high pass 
noise for frequencies above f 0 , so that the MMSE equalizer response will be flat for frequencies below L and low pass in nature for 
frequencies above f 0l 



and in Figure 3, In general it used to 
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MMSE Equalizer 

The MMSE equalizer is described in detail in the section Pre-Filter Design and in Figure 4. In general it used to design a FIR filter that 
will cause the overall response to be flat for frequencies below ^ and low pass in nature for frequencies above ft. 



Invention Additional information 

1- Describe in .detail what the components of the Invention are and how the invention worKs. 

The component of the invention are described in Figure 6", and comprises: 

Polar loop Tx path composed of a FraoN Sigma Deita modulator, Cartesian to polar coordinate transformer and PA. 



Amp 



Symbol 
Generation 



Q 



Cartesian to 
Polar 



Amplitude 
Path 




Regulator 






Voc 



ENB 



Phase 



FraoN Sigma 
Delta Modulator 




RFOut 



PA 



Figure 6: Polar Loop Tx - Genera! BloekDiagram 

The Frac-N Sigma Delta modulator is composed of: Pre-Filter, Sigma Delta converter and a Frac-N PLL with programmable division 
ratio {for detai Is refer to Figure 1 ). 



2. ^ Describe advantage(s) of your Invention over what is currently being done, 

This pre-emphasis filter tarns out to be a key aspect in the design of this Tx path, yet the proposal in [S2 - e.g. Column 10 lines 6-21] 
is to employ inverse filtering to the linearized response of the PLL. In this disclosure we address methods and apparatus to design this 
pre-emphasis better, and possibly to adjust it adaptively. Our approach provides the following advantages: 

• Implementation complexity - inverse filtering yields a high-order IfR which suffers from stability problems - whereas with our 
approach we are able to utilize an FIR which is always stablel and often can be operated at much tower sampling rates and with 
fewer bits (I.e. smaller word length) . 

- Calibration mechanisms - conventional practice requires calibration mechanisms m order to very accurately calibrate the PLL to 
the pre-defined pre-emphasis filters, whereas with our approach it is possible to avoid these calibration mechanisms and adjust the 
djgiMi pre-mter to match the analog PLL (and not vise-versa). This is impossible to achieve with the conventional practice 
because of the need to guarantee stability of the IiR pro-filter (without calibration, some PLL*s will simply not generate stable 
inverse filters). * ' 

• FIR pre-flltering lends itself naturally into an adaptive mechanism that can be used to track voltage/tempretaure/aging, etc, 
variations of the PLL, and again simplify and improve the design, 

• Rather than just invert the PLL's transfer function, with our approach it is possible to take the PLL impairments (e.g. phase noises) 
into account and design the pre-fitter (we may choose to design cither an FIR or an IIR) under various optimization criteria (e,g. 
spectral cleanliness at me output) ~ thus with our approach it is possible to better tolerate the different PLL impairments. 

Z, You MUST include at least one figure illustrating the invention. If the invention relates to 

software, include a flowchart or pseudo-code representation of the algorithm, 
Figure 1, Figure 2 and Figure 6 gives a description of how me invention works. 

4, Value of your invention to Intel (how will it be used?), 
Jt may be used in Iniel's GSM/GPRS/EGPRS RF producLs. 

5. Explain how your invention is novel. If the technology itself is not new, explain what makes it 

different. 

The invention is novel in the sense that a different pre-filtcring approach is used. It allows simpler pre-flltering and does 
.not require accurate calibration mechanisms as are required in the prior art. 



6. Identify the closest or most pertinent prior art that you are aware of. 
Reference [S2], is the closest prior art that we are aware of. 
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7. Who is likely to want to use this invention or infringe the patent If one is obtained and how would 
infringement be detected? 

The parties that may try to infringe the patent are the companies that deal with R? communication; 
Motorola , RPMD, ADI and others. 

HAVE YOUR SUPERVISOR READ AND FORWARD IT ELECTRONICALLY 
VIA E-MAIL TO "INVENTION DISCLOSURE SUBMISSION" 

DATE: SUPERVISOR: ' , 



BY APPROVING, f (SUPERVISOR) ACKNOWLEDGE THAT I HAVE READ AND UNDERSTAND THIS 
DISCLOSURE, AND RECOMMEND THAT THE HONORARIUM BE PAID 



